I[NTRODUCTION]{.smallcaps} {#sec1-1}
==========================

Like other forms of inflammatory response, pulp inflammation is a protective immune response against harmful tissue infection or injury.\[[@ref1][@ref2]\] Akin to other types of connective tissue, inflammatory response in dental pulp involves the recruitment of immunocompetent blood cells, including macrophages. Once macrophages become activated, they secrete pro-inflammatory cytokines such as tumor necrosis factor-alpha (TNF-α) and interlukin-6 (IL-6).\[[@ref1]\] In general, tooth pulp is a sterile tissue located in an encased nonextensible space.\[[@ref3]\] The presence of cariogenic oral bacteria in affected dentin is the main etiology of dental pulp inflammation and infection.\[[@ref3][@ref4][@ref5]\] Pulp reaction starts as soon as the peripheral extremities of the dentinal tubules are invaded before the pulp coming into direct contact with the microorganisms.\[[@ref6]\] Depending on the severity of the inflammation, in deep carious lesions, immune cells can secrete pro-inflammatory cytokines (TNF-α, IL-6), and cytotoxic components to protect the pulp against disease propagation.\[[@ref6][@ref7][@ref8][@ref9][@ref10][@ref11]\]

Clinically, it is crucial to define the exact status of the pulpal parenchyma. However, congruity cannot always be established between the clinical diagnosis and inflammatory status of the pulpal parenchyma.

The aim of this study was to determine whether the remaining dentin thickness (RDT) between the bottom of the carious lesion and the pulp could serve as a reliable indicator for assessing the physiological status of the dental pulp in primary molars.

M[ATERIALS AND]{.smallcaps} M[ETHODS]{.smallcaps} {#sec1-2}
=================================================

This study was conducted in accordance with the ethical guidelines of the Declaration of Helsinki and approved by the Scientific Review Committee of the Faculty of Dental Medicine, Lebanese University Beirut, Lebanon. The parents of participants signed a consent form stipulating their acceptance of and commitment to periodic inspection visits. A standardized medical questionnaire was used to collect data on the participants\' overall health.

The research was carried out into two parts, simultaneously. First, the clinical part was performed by two experienced instructors at the Department of Paediatric Dentistry in the Faculty of Dental Medicine at the Lebanese University. Second, the immunological and microbiological study of the pulp status was carried out in the research section of the Faculty of Sciences of the same university. The recruitment of patients, who came to the Department of Pediatric Dentistry for dental care, was done from May 2015 to December 2016.

Pulpotomies were conducted with respect to the following inclusion criteria: (1) asymptomatic vital deep decayed primary molars, (2) RDT ranging between 0.3 and 1.1 mm, (3) physiological root resorption not exceeding half of the root height,\[[@ref12]\] and (4) tooth restorable by stainless steel crown. The exclusion criteria comprised of: (1) an uncooperative patient, (2) necrotic primary molars, (3) excessive bleeding during pulpotomy, (4) peri-radicular or inter-radicular radiolucency, (5) pulpal calcifications, (6) internal or external pathological resorption and (7) physiological root resorption exceeding two-thirds of the root height.\[[@ref13][@ref14]\]

The samples comprised of 48 temporary molars. The number chosen (*n* = 48) was sufficient to carry out the statistical analysis, and more importantly to determine the significance of the results. In fact, the minimum needed sample size was calculated according to the following formula for a normally-distributed sample:
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*z* = *z*-score (1.96 for a confidence level of 95%)

*p* = expected proportion (estimated 50%)

*d* = marginal error (chosen 15% in our study)

Consequently, the sample in our study consisting of 48 primary molars can be considered statistically representative.

P[ULPOTOMY PROCEDURE]{.smallcaps} {#sec2-1}
---------------------------------

A preoperative periapical digital X-ray was performed, and radiographic measurements of RDT were made. A nonfixative vital pulpotomy with reinforced zinc oxide eugenol (intermediate restorative material) was then conducted following the conventional pulpotomy protocol.\[[@ref15][@ref16]\] The procedure started with the eviction of the demineralized tissue at the peripheral cavity walls then near the pulp chamber using a round steel bur (Dentsply Maillefer ref: D0023). A thin layer of dentin covering the pulp chamber was maintained. A rubber dam was placed and disinfected to avoid any exogenous bacterial contamination.\[[@ref17]\] Finally, the pulp ceiling was eliminated cautiously using a sterile round bur under physiological saline irrigation to avoid damage to the underlying pulp.

P[REPARATION OF PULP SAMPLES]{.smallcaps} {#sec2-2}
-----------------------------------------

The coronal pulp parenchyma was thoroughly extracted with a well-sharpened excavator (Zeffiro: ZFE004 \#3 Batch DØ1ABA, Italy) and placed in a sterile tube containing 1 ml of reducing medium (Thioglycollate: SIGMA). Then, the samples were immediately transported to the laboratory for histological study. After completing the pulpotomy, the molar was sealed with a stainless-steel crown (3M ESPE). Postoperative periapical digital X-rays were performed under the same conditions as the preoperative ones.

M[ICROBIOLOGICAL STUDY]{.smallcaps} {#sec2-3}
-----------------------------------

The tubes containing the pulp samples were shaken in a tube shaker for 30 s to disperse bacterial aggregates.

Next, 100 μl of bacterial sample was spread, in duplicate, on the following solid media: trypticase soy agar (HiMedia Laboratories, Mumbai, Maharashtra, India) supplemented with 5% sheep blood for total viable microorganism count, Rogosa Agar (HiMedia Laboratories, Mumbai, Maharashtra, India) for *Lactobacillus* sp. Count, Schaedler K-V Agar (HiMedia Laboratories, Mumbai, Maharashtra, India) for *Prevotella* sp. count and mitis salivarius agar (MSA) (HiMedia Laboratories, Mumbai, Maharashtra, India) for *Streptococcus* sp. count.\[[@ref18]\]

The plates were incubated under anaerobic conditions for 1 week, whereas the MSA plates were incubated in an atmosphere of 5% CO~2~ for 48 h.

After incubation, microbial counts were performed with a digital colony counter (HiMedia-LA660). Cell morphology was evaluated by Gram staining technique.

I[MMUNOLOGICAL STUDY]{.smallcaps} {#sec2-4}
---------------------------------

Each sample was collected and transferred into a single well of an IL-6/TNF-α assay plate supplied by the manufacturer (R&D System Bio-techne) and the ELISA assay was applied.\[[@ref19][@ref20]\]

S[TATISTICAL ANALYSIS]{.smallcaps} {#sec2-5}
----------------------------------

A computer statistical software program (SPSS 20.0, SPSS Inc., Chicago, IL, USA) was used to determine the descriptive statistics (mean, standard deviation \[SD\]) of the different variables. The data were presented as means (±SD) and analyzed based on the results of the Kolmogorov--Smirnov and Shapiro--Wilk normality test using the nonparametric Mann--Whitney U-test and Spearman\'s rho correlation coefficient. The value of *P* \< 0.05 (\*) was considered statistically significant.

R[ESULTS]{.smallcaps} {#sec1-3}
=====================

We first measured the RDT in 48 primary molars. Due to the significant differences in the RDT measures, the samples were divided into two groups. Group A included 26 samples with RDT: 0.5 mm \<RDT ≤1.1 mm, whereas Group B included 22 samples with RDT: 0.3 mm ≤RDT ≤0.5 mm.

In a second step, and on performing culture procedures followed by morphology identification, the cameral pulp samples were characterized by bacterial content. Three major bacterial strains, *Lactobacillus* sp., *Streptococcus* sp. and *Prevotella* sp. were identified. The abundance of these strains was not totally similar between the two groups with *Lactobacillus* sp. showing an average of 26 colony-forming unit/μg (CFU/μg) in samples of Group A versus 27 CFU/μg in samples of Group B, *Streptococcus* sp. displaying an average of 35 CFU/μg in samples of Group A versus 45 CFU/μg in samples of Group B and finally, *Prevotella* sp. exhibiting an average of 40 CFU/μg in samples of Group A versus 43 CFU/μg in samples of Group B \[Figures [1](#F1){ref-type="fig"} and [2](#F2){ref-type="fig"}\].

![The three different bacteria strains identified in Group A, of which *Prevotella* is predominant (40 colony-forming unit/μg)](JISPCD-7-272-g002){#F1}

![The three different bacteria strains identified in Group B, of which *Streptococcus* is predominant (43 colony-forming unit/μg](JISPCD-7-272-g003){#F2}

We subsequently evaluated the levels of IL-6 and TNF-α by ELISA assay in the examined samples. These pro-inflammatory cytokines showed differential amounts between Groups A and B. Average IL-6 levels were 900 pg/ml and 1100 pg/ml in Group A and in Group B, respectively. Whereas, average TNF-α levels were 1100 pg/ml and 1250 pg/ml in samples Group A and Group B, respectively \[Figures [3](#F3){ref-type="fig"} and [4](#F4){ref-type="fig"}\].

![Average interlukin-6 and tumor necrosis factor-a cytokine levels in Group A](JISPCD-7-272-g004){#F3}

![Average interlukin-6 and tumor necrosis factor-a cytokine levels in Group B](JISPCD-7-272-g005){#F4}

Despite the observed differential bacterial composition and cytokine levels between the two groups, these differences were not statistically significant \[[Table 1](#T1){ref-type="table"}\].

###### 

Correlation between Group A (0.5 mm\<remaining dentin thickness ≤1.1 mm) versus Group B (0.3 mm ≤remaining dentin thickness ≤0.5 mm), bacterial composition and cytokine levels in both groups using the nonparametric Mann-Whitney U-test and Spearman\'s rho correlation coefficient
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D[ISCUSSION]{.smallcaps} {#sec1-4}
========================

In deep decayed temporary molars, it is impossible to accurately assess the pulpal inflammatory status and its severity, both of which are key factors for assessing prognosis in primary teeth.\[[@ref21]\]

There is growing consensus that RDT may be the most predictive measure of pulpal reactions.\[[@ref22]\] According to Yu and Abbott,\[[@ref23]\] a distance between caries and pulp of more 1.1 mm, is associated with negligible pulp inflammation. However, when that distance is \<0.5 mm, there is a significant increase in the extent of inflammation. The pulp becomes acutely inflamed only when the reparative dentine is invaded by irritants such as microorganisms or their by-products.\[[@ref24]\] The lesion depth and duration of hemostasis remain the accepted parameters for endodontic procedures on temporary molars.\[[@ref24][@ref25]\]

In this study, two groups of pulp samples with RDT measures of more or \<0.5 mm were characterized by their pro-inflammatory cytokines (IL-6 and TNF-α) levels and bacterial composition. The Group B (0.3 mm ≤RDT ≤0.5 mm) demonstrated higher values of cytokines and bacterial composition than Group A (0.5 mm \<RDT ≤1.1 mm) for all above-mentioned factors. However, our results revealed no statistically significant differences, thus a relationship between the intensity of the inflammation and proximity of the lesion could not be established. Interestingly, our results showed that a carious cavity with an RDT \<0.5 mm, and therefore close to the pulp, did not always imply a more exacerbated inflammatory reaction than a pulp facing a carious cavity with an RDT \>0.5 mm (e.g., samples 27 and 14) \[[Table 2](#T2){ref-type="table"}\]. In addition, for the same RDT values obtained in some samples, the inflammatory responses could be different (e.g., samples 8 and 9) \[[Table 2](#T2){ref-type="table"}\].

###### 

The bacterial composition and cytokine levels (pg/ml) for each sample with the corresponding remaining dentin thickness measured in mm
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As Martin *et al*. noted, although it is well recognized that bacteria and their products play a key role in tooth decay and pulpal inflammation, the pulp responses differ from individual to individual.\[[@ref26]\]

Regardless of the decay depth, other factors could explain the diversity of the results such as the age of the pulpal parenchyma. It is widely reported that, even at early stage III, the pulp has numerous vascular anastomoses to ensure favorable pulpal vascularization and sufficient defence potential. Therefore, the high IL-6 and TNF-α cytokine levels in all of the tested pulp samples were a result of the entire pulpal cameral parenchyma excavated in the samples and not only the pulpal part facing the caries area. Thus, *in vitro*, inflammation markers and bacteria were spread throughout the sample, whereas *in vivo* they remained confined to the lesion. This explains why the pulp vitality is preserved longer before the development of pulpitis or necrosis. In contrast, some authors have assumed that pulpal defences are greatly reduced in stage III. Thus, practitioners still need to evaluate the pulpal condition according to each clinical situation based on their clinical experience.\[[@ref27][@ref28][@ref29]\]

The nature and appearance of the residual dentin are factors that some practitioners do not consider as significant favoring the depth of the lesion. In this study, and in agreement with other studies, the nature of the dentin and especially the reactionary dentin or sclerotic dentin represented an effective physical barrier for the propagation of microorganisms and their toxins toward the pulp, independent of the RDT. The pulp response is also related to the thickness and degree of calcification of the remaining dentine because dentine permeability can be reduced by dentinal sclerosis and reparative dentine formation.\[[@ref23]\] Scrutiny observation of the lesion can serve as a valuable guide in evaluating the pulp inflammatory state and consequently in establishing the appropriate endodontic treatment.\[[@ref30]\]

Kassa *et al*.\[[@ref31]\] found that primary teeth with proximal carious lesions extending \>50% through the dentine thickness appear to have more extensive inflammatory pulpal changes than teeth with occlusal caries of a similar depth. The proximal carious lesions in this study also constituted the major part of the samples (91.6%).

In a recent systemic review of assessing inflammatory cytokines in normal and irreversibly inflamed dental pulps, Hirsch *et al*.\[[@ref20]\] highlighted the difficulties in conducting accurate diagnoses of the pulp status. Moreover, when dealing with temporary teeth, it is difficult to define the criteria of reversible inflammatory situations of the pulp, and when pain occurs, it means that the pulpitis is turning into pulp necrosis.

The hypothesis that we set out to study is of major clinical importance. This can be of paramount value, particularly, if we can establish a relation between clinical and radiological observation on one hand and microbial and inflammatory status of pulp tissue on the other hand. The methodological protocol we have followed meets very strict criteria. Nevertheless, it did not allow us to show a significant relationship between the studied factors.

Despite the limitations of this study, especially the difficulties encountered during radiological interpretation and also in the sample size, our observations indicate that RDT, by itself, cannot explain the immuno-bacteriological status of the pulp. Therefore, when all the aforementioned criteria are taken into account, the RDT may serve as an additional indicator in pulpotomies. We concur with Hirsch *et al*.\[[@ref20]\] that the only way to unequivocally assess the status of the pulp is to conduct an extemporaneous pulpal blood test, which should allow verification of the indication of the pulpotomy.

However, the standing challenge is to decide whether to maintain the vitality of the pulp in the case of deep cavities. The clinical experience of the operator remains a key to the success of such treatments.

Future research that takes into account a larger sample, more efficient means in radiological reading and accurate analysis of the nature of the remaining dentin, are required to provide a satisfactory response to our hypothesis.

C[ONCLUSION]{.smallcaps} {#sec1-5}
========================

Other factors than RDT need to be considered to properly diagnose the pulp status of primary teeth. Combined clinical and radiographic examinations are essential to establish a correct diagnosis and the most appropriate treatment for each clinical situation. Pediatric dentists should be familiar with the current trends in the field of children\'s dentistry.
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